Purpose: To evaluate the performance of a phacoemulsification system in terms of effective (EPT) and total phaco time (TPT) using 20G and 21G phaco tips. Methods: Retrospective comparative study including 143 consecutive cataractous eyes undergoing phacoemulsification cataract surgery with the Visalis 500 device. The 20G and 21G phaco tips were used in 46 and 97 eyes, respectively. The EPT and TPT values were evaluated. Results: Median TPT was 11.25 s and 17.50 s in the 20G and 21G groups, respectively (p = 0.0011). Median EPT values were 3.15 s and 5.00 s in the 20G and 21G groups, respectively (p = 0.0032). TPT and EPT were significantly lower in 3/3+ cataract eyes compared to 4/4+ using both tips (p < 0.001). Conclusions: The Visalis 500 allows cataract surgery with reduced TPT and EPT, even in hard cataracts. The use of the 20G phaco tip provides an additional benefit in terms of reduction of phaco time.
Introduction
The latest phacoemulsification platforms allow an optimized control of fluidics and surgical time in cataract surgery [1] [2] . This leads to safer and more efficient surgical procedures with significant reduction of the induced phacoenergy and duration, and, consequently, with minimal or no impact on corneal and anterior chamber structures [1] [2] . Lowering the amount of energy entering the anterior chamber during cataract surgery de-creases the risk for endothelial cell loss [3] - [5] and for damaging the blood/aqueous barrier and therefore has the potential to reduce the level of postoperative inflammation [6] .
The highest level of phacodynamics control is currently reached with the hybrids or dual pump phacoemulsification systems that combine peristaltic and Venturi pumps, making use of the advantages of both pump options [7] [8] . Venturi-based vacuum provides increased efficiency and decreased chatter at lower vacuum levels [9] . Recently, a new dual pump phaco-system was commercially released, the Visalis 500 (Carl Zeiss Meditec, Jena, Germany) that combines the benefits of peristaltic and Venturi pumps and allows surgeons to make aspiration and cutting rate adjustments independently of each other. The objective of the current study was to analyze the performance of this new system in terms of effective (EPT) and total phaco time (TPT) in cataract eyes with different levels of nuclear hardness using the 20G and 21G phaco tips.
Material and Methods

Patients
In this retrospective comparative study, 143 (47 males and 96 females) consecutive cataractous eyes undergoing cataract surgery during a 3 month period were included. Mean patient age was 72 ± 5 years. The 20G phaco tip was used in 46 eyes (20G group), whereas the 21G phaco tip was used in 97 eyes (21G group). The inclusion criteria of this study were a patient age of 45 or older and presence of a senile cataract of N3-4 according to the Lens Opacification Classification System III (LOCSIII) [10] and a visual acuity of 0.4 (decimal) or less. The exclusion criteria were glaucoma, corneal opacities, cornea guttata, abnormal iris, macular degeneration or retinopathy, previous posterior segment surgery, neurophthalmic disease, or history of ocular inflammation. All subjects were adequately informed and signed a consent form. The study adhered to the tenets of the Declaration of Helsinki.
Surgery
All surgeries were performed between February and April 2015 by the same surgeon (NK) using a standard sutureless coaxial phacoemulsification technique. The surgeon has more than 30 years of experience in the field of cataract surgery and scientific interest in cataract surgery technique and technical developments. Depending on the phaco tip diameter, a corneal limbalincision of 2.4 or 2.65/2.8 mm was initially performed, followed by two paracenteses of 1.2 mm. After injection of a cohesive OVD (Hyalon Z plus, Carl Zeiss Meditec) in the anterior chamber, a curvilinear rhexis of 5 -5.5 mm was performed. The phacodevice Visalis 500 (Carl Zeiss Meditec, Jena, Germany) was used in all cases for the phacoemulsification procedure during which the EPT and TPT were recorded. The Automated Programmable Modulation (APM) mode of the Visalis system was used. It combines the burst and the pulse patterns in each modulation cycle, which supports the chop technique very well by impaling the nucleus with the power of the burst and removing the quadrants with the speed of the pulse. The following phaco settings were used for 20G: bottle height 75 cm, aspiration 350 mmHg. For 21G, the bottle height was 65 cm and the aspiration 400 mmHg. Implantation of the intraocular lens was performed after hydrodissection and aspiration through 2.4 mm using the 21G phacotip and through 2.65 to 2.8 mm using the 20G phaco tip. Wound sealing was confirmed at the end of the surgery by the negative Seidel test [11] .
Statistical Analysis
SPSS statistics software package version 19.0 for Windows (IBM, Armonk, NY, USA) was used for statistical analysis. Normality of all data samples was first evaluated by means of the Kolmogorov-Smirnov test. When parametric analysis was possible, the Student t test for unpaired data was used for the comparison between 20G and 21G groups as well as between nucleus hardness groups. Otherwise, when parametric analysis was not possible, the Mann-Whitney Test or the Kruskall-Wallis test was applied to assess the significance of differences between groups, using in all cases the same level of significance (p < 0.05).
Results
The median of TPT over all lens hardnesses was 11.25 s (range, 5.2 to 39.1 s) and 17.50 s (range, 4.80 to 56.50 s) in the 20G and 21G groups, respectively (Figure 1) . This difference among groups in TPT was statistically sig-nificant (Mann-Whitney test, p = 0.0011) (Figure 1) .
Concerning the EPT, its median value over all lens hardnesses was 3.15 s (range, 0.9 to 15.1 s) and 5.00 s (range, 1.00 to 20.90 s) in the 20G and 21G groups, respectively (Figure 2) . This difference in EPT among groups was also statistically significant (Mann-Whitney test, p = 0.0032).
In the 20G group, a total of 23 and 20 eyes with cataract of nuclear hardness 3/3+ and 4/4+ were operated, respectively. TPT was significantly lower in 3/3+ cataract eyes (median: 9.5 s; range: 5.20 to 39.10 s) compared to 4/4+ (mean: 20.52 s; standard deviation: 6.79 s) (Mann-Whitney test, p < 0.001) (Figure 3) .
Similarly, the EPT was also significantly lower in eyes with cataract 3/3+ (median: 2.5 s; range: 1.20 to 11.10 s) compared to those with cataract 4/4+ (mean: 6.70 s, standard deviation: 3.23 s) (Mann-Whitney test, p < 0.001) (Figure 4) .
In the 21G group, a total of 12, 48 and 37 eyes with cataract of nuclear hardness 2/2+, 3/3+ and 4/4+ were operated, respectively. Significant differences in TPT were found among the subgroups of eyes with different levels of lens nuclear hardness ( (Figure 5) .
Specifically, significant differences were found in TPT for eyes with lens nuclear hardness 3/3+ and 4/4+ (Dunn test, p < 0.001). There were also statistically significant differences in EPT between the subgroups of eyes with different levels of lens nuclear hardness ( (Figure 6 ). As with TPT, significant differences in EPT were found specifically between eyes with cataract 3/3+ and 4/4+ (Dunn test, p < 0.001).
Discussion
In this study, the phacoemulsification device Visalis 500 has been used with its new ultrasound mode APM. This mode provides the efficiency of the burst to impale the nucleus and the speed of pulse to remove quadrants and should thus reduce the EPT. To this date, to our best knowledge, there is no study confirming this EPT reduction, with the subsequent improved anterior chamber stability and physiological protection of the cornea. We compared our results with those of other groups. Although different surgical skills might have an influence on the results, we consider these comparisons as legitimate because we expect comparable experience and skills of surgeons who publish their results in peer reviewed journals. In our sample, reduced TPT and EPT have been obtained which confirms the good performance of the phaco system and ultrasound mode evaluated in terms of surgical time. Specifically, median values of EPT of 3.15 and 5.00 s were found when using the 20G and 21G phaco tips, respectively. These values are consistently lower than those reported for conventional phacoemulsification cataract surgery with other platforms [12] [13] . Likewise, the EPT values obtained in our series are close tothose reported by other authors combining femtosecond laser cataract surgery platforms with phaco systems [14] - [16] . Reddy and colleagues [15] found a mean EPT of 5.2 seconds in a sample of 56 eyes undergoing cataract surgery using a femtosecond laser. Daya and colleagues [14] found mean EPT values of 9.89 ± 5.32 s and 8.58 ± 4.66 s after femtosecond laser-assisted and conventional cataract surgery, respectively. In our sample, early postoperative corneal clarity was observed in all cases, which was consistent with the reported phacotimes. It should be considered that shorter absolute phaco time has been shown to be relatedwith less endothelial cell loss [4] [17] [18] .
With the two phaco tips used in our series, significant differences in TPT and EPT were found between eyes with cataract of nuclear hardness 3/3+ and 4/4+. Specifically, longer phaco times were required for those cataracts with the harder nuclei, as could be expected. This is consistent with the outcomes reported by other authors showing the relationship between cataract nuclear hardness and phaco time [19] - [21] . Gupta and colleagues [19] found in a longitudinal interventional study with 100 patients undergoing phacoemulsification surgery that the LOCS III grading and Scheimpflug maximum nuclear density had a linear correlation with total ultrasound time (r = 0.627 and r = 0.802, respectively). These authors also reported a significant correlation of cataract grade and cumulative dissipated energy (CDE). Therefore, the longer the phaco time, the more energy entered the anterior chamber increasing the risk for damage to the intraocular structures. The achievement of shorter phaco times with the Visalis500 is one factor promoting potentially safer procedures for all types of cataracts. In our series, mean EPT values of 6.70 and 8.70 s were found in eyes with hard cataracts (4/4+) using the 20G and 21G phaco tips, respectively. These durations are shorter than those reported with other types of phaco systems when used for conventional cataract surgery [19] - [22] . Simanjuntak et al. [22] assessed in 40 eyes from 25 patients with hard mature cataract grades 3 -4 the efficacy and safety of a modified double extra sharp chopper for removal of hard cataracts and found a mean EPT of 23.73 ± 5.75 s. Future studies should confirm the potential benefit of the reduced phaco time with the evaluated system, especially in hard cataracts, by analyzing the changes in corneal endothelial cell density and anatomical aspects of other intraocular structures.
Finally, a significant difference was found in the current study in terms of TPT (p = 0.0011) and EPT (p = 0.0032) between the 20G and 21G phaco tips. Specifically, the use of the tip requiring the smallest corneal incision (21G) was associated to longer total and effective phaco times. This is consistent with previous studies confirming the relationship between phaco tip and phacoemulsification efficiency [22] . In any case, the EPT values achieved with both 20G and 21G tips in our series were consistently lower than those reported for conventional phacoemulsification cataract surgery with other platforms [12] [13], as previously mentioned. Schriefl et al. [12] showed that a significant decrease in EPT was achievable with a 21G phaco tip by switching from low to high fluidic settings. However, high fluidic settings can lead to more iatrogenic effects on ocular tissue [23] . In contrast, the use of smaller corneal incisions in cataract surgery has some beneficial effects, especially in terms of safety [24] .
A limitation of this study is that only one phaco system was used and the results were compared with published results of other authors. Ideally a randomized study comparing different phaco systems, used by one surgeon, should be compared, which is, however, a challenge in a routine clinical setting.
Conclusion
In conclusion, the Visalis 500 phaco platform allows the cataract surgeon to reduce total and effective phaco time significantly, even in hard mature cataracts. More significant postoperative anterior chamber stability, corneal clarity and consequently an almost immediate visual recovery are then expected with this phaco system. With both phaco tips, reduced levels of phaco time are achieved, and EPT is significantly lower with the 20G tip.
